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VWXGLHV K\GURPRUSKRORJLFDO PRGHOLQJ DQG LUULJDWLRQ SODQQLQJ .H\ UHTXLUHPHQW IRU WKH DERYH SURFHVVHV LV WKH
TXDQWLILFDWLRQRIUXQRIIVWUHDPGLVFKDUJHVRLOHURVLRQDQGVHGLPHQWWUDQVSRUW
4XDQWLI\LQJWKHDPRXQWRIVRLOHURVLRQDQGVHGLPHQWWUDQVSRUWDQGFDOFXODWLQJWKHVHGLPHQWGLVFKDUJHLQFHUWDLQ
VHJPHQWVRI VWUHDPVZLWKLQ DEDVLQ LV DOVRYHU\ LPSRUWDQW'HSHQGLQJRQ LWV FRQFHQWUDWLRQ VHGLPHQW FDQKDYH D
YDULHW\RIERWKEHQHILFLDODQGKDUPIXOHIIHFWVVXFKDV([FHVVLYHFRQFHQWUDWLRQRIVHGLPHQWLQGDPVVWRUDJHORVV
DEUDVLRQRIWXUELQHVLQK\GURHOHFWULFVWUXFWXUHVGHJUDGDWLRQRIZDWHUTXDOLW\DQGUDLVHRIZDWHUWHPSHUDWXUHZKHQ
VHGLPHQWORDGVDUHYHU\KLJKUHJXODWLRQRIR[\JHQOHYHOVRIZDWHUFDUULDJHRIQXWULWLRQDORUFRQWDPLQDQWIDFWRUV
PDMRUHIIHFWRQKDELWDWVRIDTXDWLFOLIHVHGLPHQWGHSRVLWLRQ
*DXJLQJ VWDWLRQV WKDW PRQLWRU ULYHU GLVFKDUJH DUH YHU\ VSDUVH LQ *UHHFH 0RUHRYHU HVWLPDWLRQ RI VHGLPHQW
GLVFKDUJHE\FRQYHQWLRQDOPHDVXUHPHQWPHWKRGVLVH[SHQVLYHDQGODERULQWHQVLYH(PGDG>@)RU WKHVHDQGRWKHU
UHDVRQVWKHXVDJHRIPRGHOVWKDWFDQHIILFLHQWO\VLPXODWHWKHK\GURPRUSKRORJLFDOSURFHVVHVLVHVVHQWLDO
,Q WKLV VWXG\ D FRPSRVLWHPDWKHPDWLFDOPRGHO LV DSSOLHG WR1HVWRV 5LYHU EDVLQ DLPLQJ DW WKH FDOFXODWLRQ RI
VXUIDFH UXQRII DQG WRWDO GLVFKDUJH LQ IRXU FRQVHFXWLYH LQWHUVHFWLRQV RI 1HVWRV 5LYHU )XUWKHUPRUH WKH VHGLPHQW
DPRXQW RULJLQDWLQJ IURP VRLO HURVLRQ DV ZHOO DV VWUHDPEHG HURVLRQ LV FDOFXODWHG DW WKH EDVLQ RXWOHW 7KH DERYH
SURFHGXUHUHVXOWVLQFRQWLQXRXVK\GURJUDSKVDQGVHGLPHQWJUDSKV

1RPHQFODWXUH
TUV PDVVRIGHWDFKHGSDUWLFOHVSHUXQLWDUHDNJP
& VRLOFRYHUIDFWRU
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-P
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-NJ
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
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NJP
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P
TI VHGLPHQWWUDQVSRUWSHUXQLWZLGWKE\UXQRII>PVP@
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VP@
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ȡV VHGLPHQWGHQVLW\NJP
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X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2.1. Structure 
7KHXQGHU VWXG\SDUWRI1HVWRV5LYHUEDVLQFRQFHUQV WKH*UHHNPRXQWDLQRXVSDUWGRZQVWUHDPRI3ODWDQRYU\VL
GDPZKLFKLVORFDWHGRQWKH0DFHGRQLD7KUDFHERUGHULQQRUWKHDVWHUQ*UHHFH)LJXUH7KHEDVLQH[WHQGVWRDQ
DUHDRIDSSUR[LPDWHO\NPIURP*UHHN%XOJDULDQERUGHUWRWKH1RUWKWRWKH(JQDWLDEULGJHRI1HVWRV5LYHU
EDVLQRXWOHWWRWKH6RXWKDQGIURP*RULWVRYU\VLWRWKH:HVWWR/\NRGURPLRWRWKH(DVW7KHPD[LPXPDOWLWXGH
LVDWPDQG WKH OHQJWKRI WKHSDUWRI1HVWRV5LYHU WKDW UXQV WKHEDVLQ LVDSSUR[LPDWHO\NP7KHEDVLQ LV
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FRYHUHGDW LWVJUHDWHVWSDUWE\IRUHVWHGDUHDVZKLOHEXVK\DUHDVDQGFURSVIROORZ6RLO WH[WXUHGDWDZHUHREWDLQHG
IURP VRLO DVVRFLDWLRQVPDSV DQGZHUH SURYLGHG IURP 3DVFKDOLGLV HW DO >@ 7KH IRXU GRPLQDQW VRLO W\SHV RI WKH
ZDWHUVKHGDUHVDQG\FOD\ORDPVLOW\ORDPORDP\VDQGDQGVLOW\FOD\ORDP7KHEHGURFNPDLQO\FRQVLVWVRIVHPL
SHUPHDEOHURFNVZKLFKGRQRWIDYRXUGHHSSHUFRODWLRQ7KHGRPLQDQWURFNVDUHPDUEOHDOXPLQRXVVFKLVWUK\ROLWH
OLJQLWHVFKLVWJUDQLWHJUDQLWHGLRULWHJQHLVVDQGJQHLVVJUDQLWH
7KHGDPRI3ODWDQRYU\VL)LJXUHLVRSHUDWHGE\WKH+\GURHOHFWULF3RZHU3URGXFWLRQ$JHQF\RI+HOOHQLF3XEOLF
(OHFWULFLW\&RUSRUDWLRQ7KHGDLO\GDPGLVFKDUJHVZHUHSURYLGHGE\WKH+\GURHOHFWULF3RZHU3URGXFWLRQ$JHQF\IRU
WKHHQWLUHVWXG\SHULRG7KHWZRLUULJDWLRQFDQDOV)LJXUHDUHORFDWHGYHU\FORVHWRWKH(JQDWLDEULGJHRI1HVWRV
5LYHU MXVW VOLJKWO\ XSVWUHDPRI WKH EDVLQ RXWOHW 7KH LUULJDWLRQ FDQDOV DUH RSHUDWHG E\ WKH ORFDO ODQG UHFODPDWLRQ
DJHQFLHVRI7KDODVVLD.UHPDVWLDQG&KU\VRXSROL7KHFDQDORI7KDODVVLD.UHPDVWLLUULJDWHVNPRIFURSVLQWKH
SODLQRI;DQWKLDQGOLHVDWWKHHDVWHUQVLGHRIWKHULYHU7KHLUULJDWLRQVHDVRQVWDUWVIURPHDUO\$SULODQGILQLVKHVDW
WKHHQGRI6HSWHPEHU LQ VRPHFDVHVH[WHQGVXS WRHDUO\2FWREHU7KHFDQDORI&KU\VRXSROL LUULJDWHVNPRI
FURSVLQWKHSODLQRI.DYDODDQGOLHVDWWKHZHVWHUQVLGHRIWKHULYHU7KHLUULJDWLRQVHDVRQVWDUWVLQWKHPLGVRI$SULO
DQGILQLVKHVDWWKHHQGRI2FWREHULQVRPHFDVHVDOVRH[WHQGVXSWRHDUO\1RYHPEHU


)LJ1HVWRV5LYHUEDVLQGRZQVWUHDPRI3ODWDQRYU\VLGDP
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2.2. Meteorological data 
0HWHRURORJLFDOGDWDZHUHWDNHQIURPIRXUPHWHRURORJLFDOVWDWLRQVWZRRIZKLFKDUHORFDWHGLQVLGHWKHZDWHUVKHG
DQGWKHRWKHUWZRRXWRILW7KHGDWDIURPWKHVWDWLRQV³0HVRFKRUL´DQG³3UDVLQDGD´)LJXUHZHUHSURYLGHGE\WKH
+\GURHOHFWULF 3RZHU 3URGXFWLRQ$JHQF\ WKHPHWHRURORJLFDO VWDWLRQ RI ³2UDLR´ EHORQJV WR WKH&LYLO (QJLQHHULQJ
'HSDUWPHQWRI'HPRFULWXV8QLYHUVLW\RI7KUDFHZKLOVWWKHGDWDIURP³6:$7´VWDWLRQFRPHIURPWKHLQWHUQHWVLWH
³*OREDO:HDWKHU'DWDIRU6:$7´>@DQGZHUHSURYLGHGE\WKH(FRV\VWHP6FLHQFHVDQG0DQDJHPHQW'HSDUWPHQW
RI7H[DV$	08QLYHUVLW\$OOWKHQHFHVVDU\PHWHRURORJLFDOGDWDZHUHXVHGDWDGDLO\WLPHVWHS7KHGLVWULEXWLRQRI
WKHPHWHRURORJLFDOVWDWLRQVWRDUHDVRILQIOXHQFHZDVDFKLHYHGZLWK7KLHVVHQSRO\JRQV)LJXUH
2.3. Field measurements 
'LVFKDUJH PHDVXUHPHQWV ZHUH FDUULHG RXW DW IRXU GLIIHUHQW LQWHUVHFWLRQV RI 1HVWRV 5LYHU 7KH GLVFKDUJH
PHDVXUHPHQWVZHUHLQZKROHPHDVXUHPHQWVZHUHFDUULHGRXWE\WKH/DERUDWRU\RI(FRORJLFDO(QJLQHHULQJ
DQG7HFKQRORJ\RI(QYLURQPHQWDO(QJLQHHULQJ'HSDUWPHQW'HPRFULWXV8QLYHUVLW\RI7KUDFHRIZKLFKFORVHWR
3DVFKDOLD YLOODJH  FORVH WR 6WDYURXSROL YLOODJH  QHDU *DODQL YLOODJH FORVH WR WKH RXWOHW RI WKH EDVLQ 7KH
UHPDLQLQJ PHDVXUHPHQWVZHUH FDUULHG RXW E\ WKH/DERUDWRU\ RI+\GURORJ\ DQG+\GUDXOLF 6WUXFWXUHV RI&LYLO
(QJLQHHULQJ'HSDUWPHQW'HPRFULWXV8QLYHUVLW\RI7KUDFHDWWKHRXWOHWRIWKHEDVLQ
0RUHRYHUWKH/DERUDWRU\RI+\GURORJ\DQG+\GUDXOLF6WUXFWXUHVFDUULHGRXWPHDVXUHPHQWVRIEHGORDGDQG
VXVSHQGHGORDGDWWKHRXWOHWRIWKHEDVLQ)LJXUH

 
)LJ7KLHVVHQSRO\JRQV )LJ0RGHOVWUXFWXUHIRU*DODQLDQGRXWOHW
2.4. Rainfall-runoff submodel 
7KH ZHOO NQRZQ DQG ZLGHO\ XVHG 6RLO &RQVHUYDWLRQ 6HUYLFH  &XUYH 1XPEHU 6&6&1 15&6 VLQFH 
PHWKRG>@LVXVHGIRUWKHHVWLPDWLRQRIWKHK\GURORJLFORVVHVPPGXHWRLQILOWUDWLRQLQWRWKHJURXQGDVZHOODVRI
WKHDPRXQWRIUDLQIDOOH[FHVVPP
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)RUWKHK\GURORJLFORVVHVGXHWRHYDSRWUDQVSLUDWLRQ)$23HQPDQ0RQWHLWKPHWKRGLVVHOHFWHG$OOHQ>@7KH
)$23HQPDQ0RQWHLWKPHWKRG LVXVHGDW DZRUOGZLGH VFDOH DV LW KDVSURYHQ WREHRQHRI WKHPRVW HIILFLHQW
PHWKRGV IRU SUHGLFWLQJ HYDSRWUDQVSLUDWLRQ (YDSRWUDQVSLUDWLRQ ZDV FDOFXODWHG RQ D PRQWKO\ EDVLV ZLWK YDOXHV
YDU\LQJIURPWRPP
7KH WUDQVIRUPDWLRQ RI UDLQIDOO H[FHVV WR UXQRII K\GURJUDSK LV DFFRPSOLVKHG E\ PHDQV RI WKH GLPHQVLRQOHVV
V\QWKHWLFXQLWK\GURJUDSKZKLFKZDVFUHDWHGE\WKH6RLO&RQVHUYDWLRQ6HUYLFH>@
7KHDSSOLHGFRPSRVLWH UDLQIDOOUXQRII VXEPRGHO LQFOXGHVDQH[SRQHQWLDO UHFHVVLRQPRGHO WR UHSUHVHQW WKH WLPH
YDULDWLRQRIEDVHIORZ%DUQHV>@
7KH URXWLQJRI WKH WRWDO GLVFKDUJH GLUHFW UXQRIIEDVHIORZK\GURJUDSK IURP WKHRXWOHW RI D VXEEDVLQ WR WKH
RXWOHW RI WKHZKROH EDVLQ LV HQDEOHG E\PHDQV RI0XVNLQJXP&XQJHPRGHOZKLFK LV EDVHG RQ WKHZHOO NQRZQ
K\GURORJLFURXWLQJ0XVNLQJXPPRGHO&XQJH>@
7KH K\GURORJLF PRGHO +(&+06  86$&( >@ FRQVWLWXWHV WKH SODWIRUP ZKLFK LQFRUSRUDWHV WKH DERYH
PHWKRGVUHVXOWLQJLQWKHGHYHORSPHQWRIUXQRIIEDVHIORZDQGWRWDOGLVFKDUJHK\GURJUDSKV$PXFKPRUHWKRURXJK
RXWOLQHRIWKHUDLQIDOOUXQRIIVXEPRGHOFDQEHIRXQGLQ.DIIDVDQG+ULVVDQWKRX>@
2.5. Soil erosion submodel 
7KHDPRXQWRIVRLOHURVLRQLQDEDVLQLVDUHVXOWRIVRLOHURVLRQGXHWRUDLQIDOOGHWDFKPHQWE\UDLQGURSLPSDFW
DQGVRLOHURVLRQGXHWRUXQRIIVKHDULQJIRUFHRIIORZLQJZDWHU
7KHHVWLPDWLRQRIVRLOHURVLRQGXHWRUDLQIDOOZDVSHUIRUPHGE\PHDQVRI3RHVHQ¶VUHODWLRQV3RHVHQ>@
   FRVrs sq C KE r a          
  VLQVLQ   ar rsq q a D eª º  ¬ ¼       
7KHVRLOHURVLRQGXHWRUXQRIILVFDOFXODWHGE\PHDQVRI1LHOVHQ¶VUHODWLRQ1LHOVHQHWDO>@
f e tq r q            
7KHVHGLPHQW WUDQVSRUWFDSDFLW\E\ UXQRII tq  LVFRPSXWHGE\ WKHPRGLILHG IRUPXODRI(QJHOXQGDQG+DQVHQ
>@
 
 

 
 

 

 
t
s
g f
q q s
g DU U
 
ª º¬ ¼
       
7KHVHGLPHQW\LHOGWKDWUHDFKHVWKHVWUHDPLVFDOFXODWHGE\PHDQVRIFRPSDULVRQEHWZHHQWKHDYDLODEOHVHGLPHQW
DQGWKHVHGLPHQWWUDQVSRUWFDSDFLW\E\UXQRII+ULVVDQWKRX>@
2.6. Stream sediment transport submodel 
7KHVHGLPHQW\LHOGWKDWUHDFKHVWKHRXWOHWRIDVXEEDVLQDQGWKHUHIRUHWKHRXWOHWRIWKHZKROHEDVLQLVHVWLPDWHG
RQWKHEDVLVRIWKHFRPSDULVRQEHWZHHQWKHVHGLPHQWWUDQVSRUWFDSDFLW\E\VWUHDPIORZDQGWKHDYDLODEOHVHGLPHQWLQ
WKH VWUHDP :KHWKHU GHSRVLWLRQ RU HURVLRQ WDNHV SODFH GHSHQGV RQ ZKHWKHU WKH DYDLODEOH TXDQWLW\ RI VHGLPHQW
H[FHHGVRUODJVWKHVHGLPHQWWUDQVSRUWFDSDFLW\RIWKHVWUHDP
6HGLPHQWWUDQVSRUWFDSDFLW\E\VWUHDPIORZLVHVWLPDWHGIURPWKHVHGLPHQWFRQFHQWUDWLRQLQWKHVWUHDPZKLFKLV
FRPSXWHGE\WKHIROORZLQJHTXDWLRQ<DQJDQG6WDOO>@
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$PRUH GHWDLOHG GHVFULSWLRQ RI WKH VRLO HURVLRQ DQG WKH VWUHDP VHGLPHQW WUDQVSRUW VXEPRGHOV FDQ EH IRXQG LQ
.DIIDVDQG+ULVVDQWKRX>@
2.7. Model application 
)RUWKHQHHGVRIPRGHOLQJWKHEDVLQZDVGLYLGHGLQWRQDWXUDOVXEEDVLQV)LJXUHVDQG7KHK\GURORJLF
PRGHO+(&+06 UDQ LQ LWV FRQWLQXRXV YHUVLRQ VHSDUDWHO\ IRU IRXU GLIIHUHQW FDVHV ,Q WKH ILUVW FDVH 3DVFKDOLD¶V
PHDVXUHPHQW VLWHZDVFRQVLGHUHG WREH WKHRXWOHWRI WKHEDVLQ H[FOXGLQJVXEEDVLQVDQG
IURPWKHVLPXODWLRQ7KHPRGHOUDQIURP2FWREHUVWWR0DUFKWK7KHPRGHOUDQIRU WKHH[DFWO\
VDPHSHULRGIRU6WDYURXSROLH[FOXGLQJVXEEDVLQVDQGIURPWKHVLPXODWLRQ7KHPRGHOVWUXFWXUHLV
WKH VDPH IRU *DODQL DQG WKH RXWOHW RI WKH EDVLQ LQFOXGLQJ DOO  VXEEDVLQV GXH WR WKH SUR[LPLW\ RI WKHVH WZR
PHDVXUHPHQWVLWHV)LJXUH7KHVLPXODWLRQSHULRGIRU*DODQLLV0DUFKQG-DQXDU\WK'HVSLWHWKDW
WKHFRXQWHUSDUWVLPXODWLRQIRUWKHRXWOHWRIWKHEDVLQZDVFRQWLQXRXVIRUWKHSHULRG6HSWHPEHUWK-XO\VW
 WKH K\GURJUDSK ZDV VSOLW LQWR WZR EDVHG RQ WKH DYDLODELOLW\ RI ILHOG PHDVXUHPHQWV 7KHUHE\ WKH ILUVW
K\GURJUDSK RI WKH EDVLQ RXWOHW FRQFHUQV WKH SHULRG 6HSWHPEHU WK 2FWREHU VW  ZKLOVW WKH VHFRQG
FRQFHUQVWKHSHULRG-XO\WK0D\WK7KHGLVFULPLQDWRUEHWZHHQWKHWZRVLPXODWLRQVLVWKDW*DODQLLV
ORFDWHGXSVWUHDPRIWKHLUULJDWLRQFDQDOVZKLOVWWKHRXWOHWRIWKHEDVLQLVORFDWHGVOLJKWO\GRZQVWUHDP7KXVIRUWKH
FDVH RI WKH EDVLQ¶V RXWOHW WKH GLVFKDUJH IRU LUULJDWLRQ LV H[WUDFWHG IURP WKH WRWDO GLVFKDUJH GXULQJ WKH LUULJDWLRQ
SHULRGV
7KHGLVFKDUJHVRI3ODWDQRYU\VLGDPDUHDYDLODEOHIRUDOO WKHVLPXODWLRQSHULRGVDQGDUHLQSXWWHGDWDGDLO\WLPH
VWHSLQWKHPRGHO$VIDUDVWKHPRGHORSHUDWLRQLVFRQFHUQHGWKHGDPLVUHJDUGHGDVDVRXUFHSRLQW
+(&+06UDQFRQWLQXRXVO\IRUHDFKRIWKHODWWHUSHULRGV7KHUHVXOWLQJUXQRIIK\GURJUDSKVDORQJZLWKWKHUDLQIDOO
DPRXQW DUHXVHGDV WKHGHFLVLYH LQSXWGDWD WR WKH VRLO HURVLRQPRGHO WKHRXWFRPHRIZKLFK LVEDVLFDOO\ WKH VHGLPHQW
LQIORZWRPDLQVWUHDPV6XEVHTXHQWO\VHGLPHQWDYDLODEOHLQWKHPDLQVWUHDPLQFRPELQDWLRQZLWKWKHVHGLPHQWWUDQVSRUW
FDSDFLW\RIWKHPDLQVWUHDPGHWHUPLQHVWKHILQDOVHGLPHQW\LHOGWKDWUHDFKHVWKHRXWOHWRIWKHEDVLQ7KHUHVXOWIURPWKH
VRLOHURVLRQDQGWKHVWUHDPVHGLPHQWWUDQVSRUWVXEPRGHOVLVWZRFRQWLQXRXVVHGLPHQWJUDSKVDWWKHEDVLQRXWOHWIRUWKH
SHULRGV6HSWHPEHUWK2FWREHUVWDQG-XQHVW-XO\WK
2.8. Model calibration 
'LVFKDUJHLVRQHRIWKHWZRXQGHUVWXG\SK\VLFDOTXDQWLWLHVDQGDORQJZLWKUDLQIDOORQHRIWKHWZRGHWHUPLQDQWIDFWRUV
IRUWKHVHGLPHQWGLVFKDUJH7KXVWKHFDOLEUDWLRQRI+(&+06ZDVLQFXPEHQW7KHPHDVXUHPHQWVRIWKHWZRXSVWUHDP
PHDVXUHPHQWVLWHVRI3DVFKDOLDDQG6WDYURXSROLZHUHXVHGIRUWKHFDOLEUDWLRQRIWKHUDLQIDOOUXQRIIVXEPRGHOZKLOVWWKH
PHDVXUHPHQWVRIWKHWZRGRZQVWUHDPPHDVXUHPHQWVLWHVRI*DODQLDQGWKHEDVLQRXWOHWZHUHXVHGIRUWKHYDOLGDWLRQRIWKH
VXEPRGHO7KHFDOLEUDWHGSDUDPHWHUVDUHFXUYHQXPEHU ODJ WLPHEDVHIORZUHFHVVLRQFRQVWDQWDQGIORZUDWLRUDLQIDOO
UXQRIIVXEPRGHO)ORZUDWLRLVDSDUDPHWHUUHODWHGWRWKHSHDNIORZRIDQHYHQWZKLFKUDQJHVEHWZHHQDQG0RUH
LQIRUPDWLRQRQEDVHIORZUHFHVVLRQFRQVWDQWDQGIORZUDWLRFDQEHIRXQGLQ86$&(>@
5HVXOWV
,Q )LJXUH  WKH FRPSXWHG GLVFKDUJH K\GURJUDSK GLUHFW UXQRII  EDVHIORZ DQG WKHPHDVXUHG GLVFKDUJH YDOXHV DW
3DVFKDOLD DQG6WDYURXSROLPHDVXUHPHQW VLWHV DUHGHSLFWHG IRU WKHSHULRG2FWREHUVW WR0DUFKWK$V
DOUHDG\PHQWLRQHGWKHPHDVXUHGGLVFKDUJHYDOXHVDW3DVFKDOLDDQG6WDYURXSROLZHUHXVHGIRUWKHFDOLEUDWLRQRIWKHPRGHO
,Q )LJXUH  WKH FRPSXWHG GLVFKDUJH K\GURJUDSK DQG WKHPHDVXUHG GLVFKDUJH YDOXHV DW *DODQL PHDVXUHPHQW VLWH DUH
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GHSLFWHGIRUWKHSHULRG0DUFKQG-DQXDU\WK,Q)LJXUHVDQGWKHFRPSXWHGGLVFKDUJHK\GURJUDSKVDQG
WKHPHDVXUHGGLVFKDUJHYDOXHVDWWKHRXWOHWRIWKHEDVLQDUHGHSLFWHGIRUWKHSHULRGV6HSWHPEHUWK2FWREHUVW
DQG-XO\WK0D\WKUHVSHFWLYHO\
,Q)LJXUHVDQGWKHFRPSXWHGVHGLPHQWJUDSKVEHGORDGVXVSHQGHGORDGDWWKHEDVLQRXWOHWDUHLOOXVWUDWHGIRUWKH
SHULRGV6HSWHPEHUWK2FWREHUVWDQG-XQHVW-XO\WK
)RUWKHFRPSDULVRQEHWZHHQFRPSXWHGDQGPHDVXUHGVWUHDPGLVFKDUJHDQGVHGLPHQWGLVFKDUJHYDOXHVWKHIROORZLQJ
FULWHULDZHUH XVHG1DVK6XWFOLIIH (IILFLHQF\&RHIILFLHQW ,QGH[ RI$JUHHPHQW &RUUHODWLRQ&RHIILFLHQW'HWHUPLQDWLRQ
&RHIILFLHQW506(PVRUNJV7KHYDOXHVRIWKHHIILFLHQF\FULWHULDIRU*DODQLDQGWKHEDVLQRXWOHWDUHGLVSOD\HGLQ
7DEOH
 
)LJ'LVFKDUJHK\GURJUDSKDW3DVFKDOLDDQG6WDYURXSROL
2FWREHUVW0DUFKWK
)LJ'LVFKDUJHK\GURJUDSKDW*DODQL0DUFKQG-DQXDU\
WK
 
)LJ'LVFKDUJHK\GURJUDSKDWWKHRXWOHW6HSWHPEHUWK
2FWREHUVW
)LJ'LVFKDUJHK\GURJUDSKDWWKHRXWOHW-XO\WK0D\
WK
 
)LJ6HGLPHQWJUDSKDWWKHRXWOHW6HSWHPEHUWK2FWREHU
VW
)LJ6HGLPHQWJUDSKDWWKHRXWOHW-XQHVW-XO\WK
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7DEOH(IILFLHQF\FULWHULDYDOXHV
(IILFLHQF\FULWHULD *DODQLGLVFKDUJH 2XWOHWGLVFKDUJH 2XWOHWVHGLPHQWGLVFKDUJH
1DVK6XWFOLIIH(IILFLHQF\&RHIILFLHQW(   
,QGH[RI$JUHHPHQWG   
&RUUHODWLRQ&RHIILFLHQWU   
'HWHUPLQDWLRQ&RHIILFLHQWU   
5RRW0HDQ6TXDUH(UURU506(   
&RQFOXVLRQV
7KH UHVXOWV RI WKH HIILFLHQF\ FULWHULD FRQFOXGH WKDW WKH FRQWLQXRXV K\GURPRUSKRORJLFPRGHOLQJ FDQEH VXFFHVVIXOO\
DSSOLHGWR1HVWRV5LYHUEDVLQ7KURXJKWKHFRQWLQXRXVK\GURPRUSKRORJLFPRGHOLQJIRUDUHODWLYHO\ORQJWLPHSHULRGLQD
UHODWLYHO\ODUJHEDVLQDPRUHUHDOLVWLFUHSUHVHQWDWLRQRIWKHUXQRIIVRLOHURVLRQDQGVHGLPHQWWUDQVSRUWSURFHVVHVFDQEH
DFKLHYHG
7KHFRPELQDWLRQRIDK\GURORJLFPRGHOZLWKDVRLOHURVLRQPRGHODQGDVWUHDPVHGLPHQWWUDQVSRUWPRGHOHQDEOHVWKH
WUDQVLWLRQRIWKHK\GURJUDSKGXHWRDUDLQIDOOHYHQWDWDEDVLQRXWOHWWRWKHFRUUHVSRQGLQJVHGLPHQWJUDSK,QRWKHUZRUGV
WKHYDULDWLRQZLWKWLPHRIWKHVHGLPHQWGLVFKDUJHDWWKHEDVLQRXWOHWLVFRPSXWHGRQWKHEDVLVRIWKHYDULDWLRQZLWKWLPHRI
WKHVWUHDPGLVFKDUJHGXHWRWKHUDLQIDOOHYHQW+ULVVDQWKRXDQG7KHRGRUDNRSRXORV>@
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